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157] ABSTRACT

An improved process for separating a component from
a feed mixture comprising an aqueous solution of a
mixture of different components, such as a mixture of
saccharides. In the process the mixture is contacted
with a zeolite which selectively adsorbs a component
from the feed mixture. The adsorbed component is then
recovered by contacting the adsorbent with a desorbent
material such as water to effect the desorption of the
adsorbed component from the adsorbent. There 1s an
undesirable tendency for the silicon constituent of the
zeolite to dissolve in the aqueous system. The improve-
ment to the process comprises the impregnation of the
zeolite with a binder material comprising a water per-
meable organic polymer which substantially reduces
the undesirable dissolution. The adsorbent 1s manufac-
tured by mixing together powder of the zeolite, pow-
ders of the organic polymer binder, and a liquid organic
solvent, extruding the mixture into an extrudate and
drying the extrudate. ' |

17 Claims, No Drawings
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TECHNIQUE TO REDUCE THE ZEOLITE
MOLECULAR SIEVE SOLUBILITY IN AN
AQUEOUS SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation-in-part of my prior
co-pending application Ser. No. 171,864 filed July 24,
1980 and now abandoned, which is a division of my
prior application Ser. No. 48,955 filed June 15, 1979 and
issued on Feb. 3, 1981 as U.S. Pat. No. 4,248,737, the
contents of both applications being incorporated herein
by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention
The field of art to which this invention pertains is

solid-bed adsorptive separation. More specifically, the 20

invention relates to an improved adsorbent, method of
manufacture of the adsorbent and improved process for
separating a component from a mixture comprising an
aqueous solution of a mixture of different components
which process employs an adsorbent comprising a crys-
- talline aluminosilicate which selectively adsorbs a com-
ponent from the feed mixture.

2. PRIOR ART

It is known in the separation art that certain crystal-
line aluminosilicates referred to as zeolites can be used
in the separation of a component from an aqueous solu-
tion of a mixture of different components. For example,
adsorbents comprising crystalline aluminosilicates are
used in the method described in U.S. Pat. No. 4,014,711
to separate fructose from a mixture of sugars in agueous
solution including fructose and glucose.

It is also known that crystalline aluminosilicates or
zeolites are used in adsorption processing in the form of
aggolomerates having high physical strength and attri-

tion resistance. Methods for forming the crystalline 4o

powders into such aggolomerates include the addition
of an inorganic binder, generally a clay comprising
silicon dioxide and aluminum oxide to the high purity
zeolite powder in wet mixture. The blended clay zeolite
mixture is extruded into cylindrical type pellets or
formed into beads which are subsequently calcined in
order to convert the clay to an amorphous binder of
considerable mechanical strength. As binders, clays of
the kaolin type are generally used.

Zeolite crystal and inorganic binder agglomerates
have long been known to have the property of gradu-
ally disintegrating as a result of continuous contact with
water. This disintegration has been observed as a silicon
presence or contamination in the solution in contact
with the adsorbent. Such contamination may at times be
sufficiently severe to impart a cloudy appearance to the
solution. | |

U.S. Pat. No. 3,262,890 discloses the use of cellulose
acetate bonded zeolite particles as a desiccant for a
refrigerant, such as a halogenated fluorocarbon, in a
refrigeration system.

U.S. Pat. No. 3,951,859 discloses molecular sieving
particles comprising adsorbent powders dispersed in a
matrix of microporous polymer gels such as cellulose
esters. The preparation shown includes the use of differ-
ent organic solvents for the cellulose esters. Zeolites are
not mentioned as possible adsorbent powders and the
manufacture of the particles requires an emulsification
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step in which the adsorbent particle polymer solvent
mixture is emulsified in an aqueous solution.

I have discovered an improvement to an aqueous
separation process in which a zeolite containing adsor-
bent is used which minimizes the disintegration of the
adsorbent and silicon contamination of the product.

SUMMARY OF THE INVENTION

Accordingly, the primary objective of my invention
is to provide an improvement to a process for the sepa-
ration of a component from a feed mixture comprising
different components in aqueous solution by contacting
said mixture with an adsorbent comprising a zeolite so
as to minimize the dissolution of the crystalline alumino-
silicate and silica contamination of the product.

In brief summary, my invention is, in its primary
embodiment, a process for the separation of a compo-
nent from a feed mixture comprising an aqueous solu-
tion of a mixture of components by contacting the solu-
tion with an adsorbent comprising a zeolite exhibiting
an adsorptive selectivity towards the component,
thereby selectively adsorbing the component from the
mixture, separating the solution from contact with ad-
sorbent, and thereafter recovering the adsorbed compo-
nent, by desorption thereof from the adsorbent, the

~ silicon constituent of the zeolite tending to dissolve in
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the solution resulting in the undesirable disintegration
of the adsorbent, the improvement which comprises the
impregnation of the zeolite, prior to the contacting with
the aqueous solution, with a water permeable organic
polymer binder, thereby substantially reducing the ex-
tent of dissolution of the silicon constituent and the
extent of the disintegration of the zeolite.

Other objects and embodiments of my invention en-
compass details about feed mixtures, adsorbents, binder
materials, solvents, desorbent materials and operating
conditions, all of which are hereinafter disclosed in the
following discussions of each of the facets of the present
invention. -

DESCRIPTION OF THE INVENTION

At the outset the definitions of various terms used
throughout the specification will be useful in making
clear the operation, objects and advantages of my pro-
cess. .
A feed mixture is a mixture containing one or more
extract components and one or more raffinate compo-
nents to be separated by my process. The term “feed
stream” indicates a stream of a feed mixture which
passes to the adsorbent used in the process.

An “extract component” is a component that 1s more
selectively adsorbed by the adsorbent while 2 “raffinate
component” is a component that is less selectively ad-
sorbed. The term “desorbent material” shall mean gen-
erally a material capable of desorbing an extract compo-
nent. The term “desorbent stream™ or “desorbent input
stream” indicates the stream through which desorbent
material passes to the adsorbent. The term “rafiinate
stream” or “raffinate output stream” means a stream
through which a raffinate component is removed from
the adsorbent. The composition of the raffinate stream
can vary from essentially 100% desorbent material to
essentially 100% raffinate components. The term “ex-
tract stream” or “extract output stream” shall mean a
stream through which an extract material which has
been desorbed by a desorbent material is removed from
the adsorbent. The composition of the extract stream,
likewise, can vary from essentially 100% desorbent
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material to essentially 100% extract components. At
least a portion of the extract stream, and preferably at
least a portion of the ratfinate stream, from the separa-
tion process are passed to separation means, typically

fractionators or evaporators, where at least a portion of 5

desorbent material is separated to produce an extract
product and a raffinate product. The terms “‘extract
product” and *“‘raffinate product” means products pro-
duced by the process containing, respectively, an ex-
tract component and a raffinate component in higher
concentrations than those found in the extract stream

and the raffinate stream. |
The term “selective pore volume” of the adsorbent 1s

defined as the volume of the adsorbent which selec-

tively adsorbs an extract component from the feed mix-
ture. The term ‘“‘non-selective void volume™ of the ad-
sorbent is the volume of the adsorbent which does not
selectively retain an extract component from the feed
mixture. This volume includes the cavities of the adsor-
bent which contain no adsorptive sites and the intersti-
tial void spaces between adsorbent particles. The selec-
- tive pore volume and the non-selective void volume are
generally expressed in volumetric quantities and are of
importance in determining the proper flow rates of fluid
required to be passed into an operational zone for effi-
cient operations to take place for a given quantity of
adsorbent. When adsorbent “passes” into an operational
zone (hereinafter defined and described) employed in
one embodiment of this process, its non-selective void
volume, together with its selective pore volume, carries
fluid into that zone. The non-selective void volume is
utilized in determining the amount of fluid which
should pass into the same zone n a counter-current
direction to the adsorbent to displace the fluid present
in the non-selective void volume. If the fluid flow rate
passing into a zone is smaller than the non-selective void
volume rate of adsorbent material passing into that
zone, there is a net entrainment of liquid into the zone
by the adsorbent. Since this net entrainment is a fluid
present in non-selective void volume of the adsorbent,
it, in most instances, comprises less selectively retained
feed components. The selective pore volume of an ad-
sorbent can 1n certain instances adsorb portions of raffi-
nate material from the fluid surrounding the adsorbent,
since In certain instances there is competition between
extract material and raffinate material for adsorptive
sites within the selective pore volume. If a large quan-
tity of raffinate material with respect to extract material
surrounds the adsorbent, raffinate material can be com-
petitive enough to be adsorbed by the adsorbent.

The so-called “simple sugars’ are classified as mono-
saccharides and are those sugars which upon hydrolysis
do not break down into smaller simple sugars. One may
further classify monosaccharides as aldoses or ketoses,
depending upon whether they are hydroxy aldehydes
or hydroxy ketones, and by the number of carbon atoms
in the molecule. Most common and well known are
probably the hexoses. Common ketohexoses are fruc-
tose (levulose) and sorbose; common aldohexoses are
glucose (dextrose), mannose and galactose. The term
“oligosaccharides’, as commonly understood in the art
and as used herein, means simple polysaccharides con-
taining a'’known number of constituent monosaccharide
units. An oligosaccharide that breaks up upon hydroly-
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sis into two monosaccharide units is called a disaccha- 65

ride, examples being sucrose, maltcse, and lactose.
Those giving three such unmits are trisaccharides, of
which raffinose and melezitose are examples. Di-, ti-

4
and tetra-saccharides comprise practically all of the
oligosaccharides. The term “polysaccharide” includes
oligosaccharides but usually it refers to carbohydrate
materiafs of much ‘higher molecular weight, namely,
those that are capable of breaking up on hydrolysis into
a large number of monosaccharide units. Typical poly-
saccharides are starch, glycogen, cellulose and pento-

sans.. -
Feed nuxtures which can be charged to the prccess of
my invention may, for example, be aqueous solutions of

one or more aldoses and one or more ketoses, or one or

“more monosaccharides and one or more oligosaccha-

rides. The concentration of solids in the solutions may
range from about 0.5 wt. % to about 50 wt. % or more,
but preferably will be from about 5 wt. % to about 35
wt. %. Starch syrups such as corn syrup are examples of
feed mixtures which can be charged to my process.
Such syrups are produced by the partial hydrolysis of
starch generally in. the presence of mineral acids or
enzymes. Corn syrup produced in this manner will typl-
cally contain 25 wt. % to,75 wt. % solids comprising
90% to 95% glucose and 5% to 10% maltose and higher
oligosaccharides. A portion of the gluccse in this corn
syrup may be isomerized with an isomerizing enzyme to
produce a hlgh-fmctose corn syrup, typically compris-
ing 40-45% fructose, 50-55% glucose and 5-10% oli-
gosaccharides, which can also be eharged to my pro-
cess. The pH of the aqueous solution comprising the
feed mixture may be from about 5.0 to about 8.0.
Desorbent materials used in various prior art adsorp-
tive separatlcn processes vary depending upon such
factors as the type of operation employed. In the swing-’
bed system in which the selectively adsorbed feed com-
ponent is removed from the adsorbent by a purge
stream, desorbent selectlcn is not as critical and desor-
bent material comprising gasecus hydrocarbons such as
methane, ethane, etc., or other types of gases such as
mtrcgen or hydrcgen, may be used’ at elevated tempera-
tures or reduced pressures or both to effectlvely purge
the adsorbed feed component from the adsorbent. How-
ever, in adsorptwe separation prccesses which are gen-
erally operated continuously at substantially constant
pressures and temperatures to insure liquid phase, the
desorbent material must be judiciously selected to sat-
isfy many criteria. First, the desorbent material should
displace an extract component from the adsorbent with
reasonable mass flow rates without itself being so
strongly adsorbed as to unduly prevent an extract com-
ponent from displacing the desorbent material in a fol-
lowing adsorption cycle. Expressed in terms of the
selectivity (hereinafter discussed in more detail), it is
preferred that the adsorbent be more selective for all of
the extract components with respect to a raffinate com-
ponent than it is for the desorbent material with respect
to a raffinate component. Secondly, desorbent materials
must be compatible with the particular adsorbent and
the particular feed mixture. More specifically, they
must not reduce or destroy the critical selectivity of the

adsorbent for an extract component with respect to a

raffinate component. Additionally, desorbent materials
should not chemically react with or cause a chemical
reaction of either an extract component or a raffinate
component. Both the extract stream and the raffinate
stream are typically removed from the adsorbent in
admixture with desorbent material-and any chemical
reaction mvclvmg a desorbent material and-ah extract

component Or a raffinate ccmponent would reduce the
purity of the extract product or the raffinaté product or
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both. Since both the raffinate stream and the extract
stream typically contain desorbent materials, desorbent
materials should additionally be substances which are
easily separable from the feed mixture that is passed into
the process. Without a method of separating at least a
portion of the desorbent material present in the extract
stream and the raffinate stream, the concentration of an
extract component in the extract product and the con-
centration of a raffinate component in the raffinate
product would not be very high, nor would the desor-
bent material be available for reuse in the process. It is
contemplated that at least a portion of the desorbent
material will be separated from the extract and the raffi-
nate streams by distillation or evaporation, but other
separation methods such as reverse osmosis may also be
employed alone or in combination with distillation or
evaporation. Since the raffinate and extract products
are foodstuffs intended for human consumption, desor-
bent materials should also be materials which are
readily available and therefore reasonable in cost.

I have found that water having a PH of from about
5.0 to about 8.0 satisfies these criteria and is a suitable
and preferred desorbent material for my process. The
pH of the desorbent material is important because ad-
sorption of a component by the adsorbent, removal of a
raffinate stream, desorption of the component from the
adsorbent and removal of an extract stream all typically
occur in the presence of desorbent material. If the de-
sorbent material is too acidic or too alkaline, chemical
reactions of the components are promoted and reaction
products are produced that can reduce the yield purity
of either the extract or raffinate product, or both.

Water pH does of course vary widely depending
upon the source of the water in addition.to other fac-
tors. Methods of maintaining and controlling a desired
water pH are, however, well known to those skilled in
the art of water treating. Such methods generally com-
prise adding an alkaline compound such as sodium hy-
droxide or an acid compound such as hydrochloric acid
to the water in amounts as necessary to achieve and
maintain the desired pH. |

The prior art has recognized that certain characteris-
tics of adsorbents are highly desirable, if not absolutely
necessary, to the successful operation of a selective
adsorption process. Such characteristics are equally
important to this process. Among such characteristics
are: adsorptive capacity for some volume of an exract
component per volume of adsorbent; the selective ad-
sorption of an extract component with respect to a
raffinate component and the desorbent material; and
sufficiently fast rates of adsorption and desorption of an
extract component to and from the adsorbent. Capacity
of the adsorbent for adsorbing a specific volume of an
extract component is, of course, a necessity; without
such capacity the adsorbent is useless for adsorptive
separation. Furthermore, the higher the adsorbent’s
capacity for an extract component the better is the ad-
sorbent. Increased capacity of a particular adsorbent
makes it possible to reduce the amount of adsorbent
needed to separate an extract component of known
concentration contained in a particular charge rate of
feed mixture. A reduction in the amount of adsorbent
required for a specific adsorptive separation reduces the
cost of the separation process. It is important that the
good initial capacity of the adsorbent be maintained
during actual use in the separation process over some
economically desirable life. The second necessary ad-
sorbent characteristic is the ability of the adsorbent to
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separate components of the feed; or, in other words,
that the adsorbent possess adsorptive selectivity, (B),
for one component as compared to another component.
Relative selectivity can be expressed not only for one
feed component as compared to another but can also be
expressed between any feed mixture component and the
desorbent material. The selectivity, (B), as used
throughout this specification is defined as the ratio of
the two components of the adsorbed phase over the
ratio of the same two components in the unadsorbed
phase at equilibrium conditions. Relative selectivity 1s
shown as Equation 1 below: -

| Equation 1
~ [vol. percent C/vol. percent D]4

Selec.tivity = (B) = [vol. percent C/vol. percent D]y

where C and D are two components of the feed repre-
sented in volume percent and the subscripts A and U
represent the adsorbed and unadsorbed phases respec-
tively. The equilibrium conditions were determined
when the feed passing over a bed of adsorbent did not
change composition after contacting the bed of adsor-
bent. In other words, there was no net transfer of mate-
rial occurring between the unadsorbed and adsorbed
phases. Where selectivity of two components ap-
proaches 1.0 there is no preferential adsorption of one
component by the adsorbent with respect to the other;
they are both adsorbed (or non-adsorbed) to about the
same degree with respect to each other. As the (B)

- becomes less than or greater than 1.0 there is a preferen-
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tial adsorption by the adsorbent for one component
with respect to the other. When comparing the selectiv-
ity by the adsorbent of one component C over compo-
nent D, a (B) larger than 1.0 indicates preferential ad-
sorption of component C within the adsorbent. A (B)
less than 1.0 would indicate that component D is prefer-
entially adsorbed leaving an unadsorbed phase richer in
component C and an adsorbed phase richer in compo-
nent D. Ideally, desorbent materials should have a se-
lectivity equal to about 1 or slightly less than 1 with
respect to all extract components so that all of the ex-

tract components can be desorbed as a class with rea-
sonable flow rates of desorbent material and so that
extract components can displace desorbent material in a
subsequent adsorption step. While separation of an ex-
tract component from a raffinate component 1s theoreti-
cally possible when the selectivity of the adsorbent for
the extract component with respect to the raffinate
component is greater than 1.0, it is preferred that such
selectivity be greater than 1.0. Like relative volatility,
the higher the selectivity the easier the separation 1s to
perform. Higher selectivities permit a smaller amount of
adsorbent to be used. The third important characteristic
is the rate of exchange of the extract component of the
feed mixture material or, in other words, the relative
rate of desorption of the extract component. This char-
acteristic relates directly to the amount of desorbent
material that must be employed 1n the process to re-
cover the extract component from the adsorbent; faster
rates of exchange reduce the amount of desorbent mate-
rial needed to remove the extract component and there-
fore permit a reduction in the operating cost of the

65 process. With faster rates of exchange, less desorbent

material has to be pumped through the process and
separated from the extract stream for reuse in the pro-
Ccess. | |



4,431,456

7

Adsorbents to be used in the process of this invention
will comprise specific zeolites. Particular zeolites en-
compassed by the present invention include crystalline
aluminosilicate cage structures in which the alumina
and silica tetrahedra are intimately connected in an
open three dimensional network to form cage-like struc-
tures with window-like pores of about 8 A free diame-
ter. The tetrahedra are cross-linked by the sharing of
oxygen atoms with spaces between the tetrahedra occu-
pied by water molecules prior to partial or total dehy-
dration of this zeolite. The dehydration of the zeolite
results in crystals interlaced with cells having molecular
dimensions and thus the crystalline aluminosilicates are
often referred to as ‘“molecular sieves”, particularly
when the separation which they effect is dependent
essentially upon differences between the sizes of the
feed molecules as, for instance, when smaller normal
paraffin molecules are separated from larger isoparatfin
molecules by using a particular molecular sieve.

In hydrated form, the crystalline aluminosilicates
used in the process of my invention generally encom-
pass those zeolites represented by the Formula 1 below:

FORMULA 1
M7 /,0:A1203:w81072:yH20

where “M?” is a cation which balances the electrova-
lence of the aluminum-centered tetrahedra and which is
generally referred to as an exchangeable cationic site,
“n” represents the valence of the cation, “w” represents
the moles of SiO3, and “y” represents the moles of wa-
ter. The generalized cation “M” may be monovalent,
divalent or trivalent or mixtures thereof.

The prior art has generally recognized that adsor-
bents comprising X and Y zeolites can be used in certain
adsorptive separation processes. These zeolites are de-
scribed and defined in U.S. Pat. Nos. 2,882,244 and
3,130,007 respectively incorporated herein by reference
thereto. The X zeolite in the hydrated or partially hy-
drated form can be represented in terms of mole oxides
as shown in Formula 2 below:

| FORMULA 2
(0.930.2)M32/,0:A103:(2.50+0.5)S1072:yH70

where “M” represents at least one cation having a va-
lence of not more than 3, “n” represents the valence of
“M”, and “y” is a value up to about 9 depending upon
the identity of “M” and the degree of hydration of the
crystal. As noted from Formula 2, the S102/A1,03 mole
ratio of X zeolite is 2.5+0.5. The cation “M” may be
one or more of a number of cations such as a hydrogen
cation, an alkali metal cation, or an alkaline earth cation,
or other selected cations, and is generally referred to as
an exchangeable cationic site. As the X zeolite is ini-
tially prepared, the cation “M” is usually predominately
sodium, that is, the major cation at the exchangeable
cationic sites is sodium and the zeolite is therefore re-
ferred to as a sodium-X zeolite. Depending upon the
purity of the reactants used to make the zeolite, other
cations mentioned about may be present, however, as
impurities. The Y zeolite in the hydrated or partially
hydrated form can be similarly represented in terms of
mole oxides as in Formula 3 below:

FORMULA 3
(0.94+0.2) M7/,0:A1h03:wSi02:yH0

where “M?” is at least one cation having a valence not

more than 3, “n’ represents the valence of “M”, “w” 1s
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a value greater than about 3 up to about 6, and “y” is a
value up to about 9 depending upon the identity of “M”
and the degree of hydration of the crystal. The Si0;.
/A1,03 mole ratio for Y zeolites can thus be from about
3 to about 6. Like the X zeolite, the cation “M” may be
one or more of a variety of cations but, as the Y zeolite
is initially prepared, the cation “M” is also usually pre-
dominately sodium. A Y zeolite containing predomi-
nately sodium cations at the exchangeable cationic sites
is therefore referred to as a sodium-Y zeolite.

Cations occupying exchangeable cationic sites in the
zeolite may be replaced with other cations by ion ex-
change methods well known to those having ordinary
skill in the field of crystalline aluminosilicates. Such
methods are generally performed by contacting the
zeolite or an adsorbent material containing the zeolite
with an aqueous solution of the soluble salt of the cation
or cations desired to be placed upon the zeolite. After
the desired degree of exchange takes place, the sieves
are removed from the aqueous solution, washed, and
dried to a desired water content. By such methods the
sodium cations and any non-sodium cations which
might be occupying exchangeable sites as impurities in
a sodium-X or sodium-Y zeolite can be partially or
essentially completely replaced with other cations. It is
preferred that the zeolite used in the process of my
invention contain cations at exchangeable cationic sites
selected from the group consisting of the alkali metals
and the alkaline earth metals. -

Typically, adsorbents known to the prior art used in
separative processes contain zeolite crystals and amor-.
phous material. The zeolite will typically be present in
the adsorbent in amounts ranging from about 75 wt. %
to about 98 wt. % based on volatile free composition.
Volatile free compositions are generally determined
after the adsorbent has been calcined at 900° C. in order
to drive off all volatile matter. The remainder of the
adsorbent will generally be an amorphous inorganic
material such as silica, or silica-alumina mixtures or
compounds, such as clays, which material is present in
intimate mixture with the small particles of the zeolite
material. This amorphous material may be an adjunct of
the manufacturing process for zeolite (for example,
intentionally incomplete purification of either zeolite
during its manufacture) or it may be added to relatively
pure zeolite, but in either case its usual purpose is as a
binder to aid in forming or agglomeraiing the hard
crystalline particles of the zeolite. Normally, the adsor-
bent will be in the form of particles such as extrudates,
aggregates, tablets, macrospheres or granules having a
desired particle size range. The typical adsorbent wiil
have a particle size range of about 16-40 mesh (Stan-
dard U.S. Mesh). Examples of zeolites used in adsor-
bents known to the art, either as is or after cation ex-
change, are “Molecular Sieves 13X” and “SK-40” both
of which are available from the Linde Company, Tona-
wanda, N.Y. The first material of course contains X
zeolite while the latter material contains Y zeolite. 1t 1s
known that X or Y zeolites possess the selectivity re-
quirement and other necessary requirements previously
discussed and are therefore suitable for use in separation
ProOCesses.

The adsorbent of my invention has incorporated
therein a binder material comprising a water permeable
organic polymer. To be water permeable, the organic
polymer, when a dry solid, will have throughout its
mass small void spaces and channels which will allow
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an aqueous solution to penetrate the polymer and
thereby come into contact with the zeolite particles
bound by the polymer. I have found cellulose nitrate
and/or cellulose esters such as cellulose acetate to be
particularly suitable for use in the adsorbent of my in-
vention. The preferred concentration of the organic
polymer in the adsorbent is from about 3.0 wt. % to
about 50.0 wt. %.

Like some of the above discussed adsorbents of the
known art, the adsorbent of my invention is in the form
of particles having a particle size range of about 16-80
mesh (Standard U.S. Mesh). Unlike the known art ad-
sorbents, however, the adsorbents of my invention do
not require calcining, and, most important, achieve
substantially reduced disintegration and silicon contam-
ination of the product stream when used in the process
of my invention. The reduced disintegration results in
minimization of the undesirable increase in pressure
drop through the column in which the adsorbent is
packed as compared to the inevitable high increase
associated with the adsorbents of the known art.

The adsorbent of my invention is manufactured by
mixing together powder of the crystalline aluminosili-
cate, powder of the water soluble organic polymer
“binder, and a liquid organic solvent to make the mixture
malleable, forming the mixture into discrete formations,
removing the solvent from the formations and breaking
the formations into the desired sized particles. The
forming of the malleable mixture is preferably done by
extrusion. The aluminosilicate and binder powders may
first be mixed together and the solvent added to the
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powder mixture, or the binder powder may be first |

dissolved in the solvent and the aluminosilicate powder
added to the solution. Preferred liquid organic solvents
are acetic acid, methyl amy ketone, 5-methyl-2-hexa-
none, p-dioxane, methyl-ethyl ketone, acetone, chloro-
form, benzyl alcohol, ethyl acetate and cyclohexanone,
any of which may be mixed with formamide. The sol-
vent is removed from the formations either by water
washing followed by drying at a temperature not ex-
ceeding about 100° C., or by just drying at the tempera-
ture. The formations are broken into particles having a
preferred size such that the particles will pass through a
No. 16 screen and be retained on a No. 80 screen. Any
fines resulting from the breaking of the particles not
retained on a No. 80 screen may be added to the
aluminosilicate-solvent-binder mixture. The particles
may be further treated to effect ion exchange between
cations at exchangeable cationic sites on the crystalline
aluminosilicate in the particles and cations preferably
selected from the group consisting of alkali metals and
alkaline earth metals.

I have found that merely coating a conventional clay
bound adsorbent with an organic polymer will not re-
sult in the improved adsorbent of my invention. The
advantageous effects of the adsorbent of my invention
are realized only when the organic polymer is Incorpo-
rated into the adsorbent in lieu of the conventional
inorganic binder.

With further regard to the aforementioned prior art,
U.S. Pat. No. 3,262,890 discloses cellulose acetate
binder, but that is merely part of the discussion in that
reference of the prior art relating to molecular sieve
adsorbents previously used in the drier cartridges of
refrigeration systems. The patentees point out that the
cellulose acetate and other prior art binders have cer-
tain objections which are overcome by the use of a clay
mineral as the binder in accordance with their inven-
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tion. Thus, U.S. Pat. No. 3,262,890 does not teach the
use of cellulose acetate or other water permeable or-
ganic polymer binder in the separation process of the
present invention for the purpose of reducing dissolu-
tion of the silicon component and resultant disintegra-
tion of the zeolite adsorbent incident to the contact of
the latter with the aqueous solution being treated in the
separation process.

U.S. Pat. No. 3,951,859 teaches the use of cellulose
acetate to provide water permeability and mechanical
strength to an adsorbent. However, the adsorbents of
this reference are not the zeolites employed by the pres-
ent invention and the patentees do not teach the use of
these zeolites in the separation process of the present
invention. Therefore, this reference gives no hint to the
reduction of silicon dissolution from and disintegration
of a zeolite adsorbent resulting from contact of the
latter with the aqueous solution undergoing treatment
in a separation process. Moreover, it is to be noted that
the molecular sieve of this reference contains the adsor-
bent powder dispersed in a matrix of polymer gel pre-
pared in a rather specific manner. That is not the adsor-
bent material of the present invention which is a zeolite
impregnated with the water permeable organic polymer
binder.

The adsorbent may be employed in the form of a
dense compact fixed bed which is alternatively con-
tacted with the feed mixture and desorbent materials. In
the simplest embodiment of the invention, the adsorbent
is employed in the form of a single static bed in which
case the process is only semi-continuous. In another
embodiment, a set of two or more static beds may be
employed in fixed-bed contacting with appropriate
valving so that the feed mixture is passed through one
or more adsorbent beds while the desorbent materials
can be passed through one or more of the other beds in
the set. The flow of feed mixture and desorbent materi-
als may be either up or down through the desorbent.
Any of the conventional apparatus employed in static
bed fluid-solid contacting may be used.

Counter-current moving-bed or simulated moving-
bed counter-current flow systems, however, have a
much greater separation efficiency than fixed adsorbent
bed systems and are therefore preferred for use in my
separation process. In the moving-bed or simulated
moving-bed processes the adsorption and desorption
operations are continuously taking place which allows
both continuous production of an extract and a raffinate
stream and the continual use of feed and desorbent
streams. One preferred embodiment of this process
utilizes what is known in the art as the simulated mov-
ing-bed counter-current flow system. The operating
principles and sequence of such a flow system are de-
scribed in U.S. Pat. No. 2,985,589 incorporated herein
by reference thereto. In such a system, it is the progres-
sive movement of multiple liquid access points down an
adsorbent chamber that simulates the upward move-

‘ment of adsorbent contained in the chamber. Only four

of the access lines are active at any one time; the feed
input stream, desorbent inlet stream, raffinate outlet
stream, and extract outlet stream access lines. Coinci-
dent with this simulated upward movement of the solid
adsorbent is the movement of the liquid occupying the

‘void volume of the packed bed of adsorbent. So that

counter-current contact is maintained, a liquid flow
down the adsorbent chamber may be provided by a
pump. As an active liquid access point moves through a
cycle, that is, from the top of the chamber to the bot-
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tom, the chamber circulation pump moves through
different zones which require different flow rates. A
programmed flow controller may be provided to set
and regulate these flow rates.

The active liquid access points effectively divided the
adsorbent chamber into separate zones, each of which
has a different function. In this embodiment of my pro-
cess, it is generally necessary that three separate opera-
tional zones be present in order for the process to take
place although in some mstances an optlonal fourth
zone may be used. .

The adsorption zone, zone 1, is defined as the adsor-
bent located between the feed inlet stream and the raffi-
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nate outlet stream. In this zone, the feedstock contacts

the adsorbent, an extract component 1s adsorbed, and a
raffinate stream is withdrawn. Since the general flow
through zone 1 is from the feed stream which passes
into the zone to the raffinate stream which passes out of
the zone, the flow in this zone is considered to be a
downstream direction when proceeding from the feed
inlet to the raffinate outlet streams. .
Immediately upstream with respect to fluid flow in
zone 1 is the purification zone, zone 2. The purification
zone is defined as the adsorbent between the extract
outlet stream and the feed inlet stream. The basic opera-
tions taking place in zone 2 are the displacement from
the non-selective void volume of the adsorbent of any
raffinate material carried into zone 2 by the shifting of
adsorbent into this zone and the desorption of any raffi-
nate material adsorbed within the selective pore volume
of the adsorbent or adsorbed on the surfaces of the
adsorbent particles. Purification is achieved by passing
a portion of extract stream material leaving zone 3 mnto
zone 2 at zone 2’s upstream boundary, the extract outlet
stream, to effect the displacement of raffinate material.
The flow of material in zone 2 is in a downstream direc-
tion from the extract outlet stream to the feed inlet
stream. |

Immediately upstream of zone 2 with respect to the

fluid flowing in zone 2 is the desorption zone or zone 3.
The desorption zone is defined as the adsorbent be-
tween the desorbent inlet and the extract outlet stream.
The function of the desorption zone 1s to allow a desor-
bent material which passes into this zone to displace the
extract component which was adsorbed upon the adsor-
bent during a previous contact with feed in zone 11in a
prior cycle of operation. The flow of fluid in zone 3 1s
essentially in the same direction as that of zones 1 and 2.

In some instances, an optional buffer zone, zone 4,
may be utilized. This zone, defined as the adsorbent
between the raffinate outlet stream and the desorbent
inlet stream, if used, is located immediately upstream
with respect to the fluid flow to zone 3. Zone 4 would
be utilized to conserve the amount of desorbent utilized
in the desorption step since a portion of the raffinate
stream which is removed from zone 1 can be passed into

zone 4 to displace desorbent material present in that

zone out of that zone into the desorption zone. Zone 4
will contain enough adsorbent so that raffinate material
present in the raffinate stream passing out of zone 1 and
into zone 4 can be prevented from passing into zone 3,
thereby contaminating extract stream removed from
zone 3. In the instances in which the fourth operational
zone is not utilized, the raffinate stream passed from
zone 1 to zone 4 must be carefully monitored in order
that the flow directly from zone 1 to zone 3 can be
stopped when there is an appreciable quantity of raffi-
nate material present in the raffinate stream passing
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from zone 1 into zone 3 so that the extract outlet stream
is not contaminated.: . - |

A cyclic advancement of the input and output
streams through the fixed bed of adsorbent can be ac-
complished by utilizing a manifold system in which the
valves in the manifold are operated in a sequential man-
ner to effect the shifting of the input and output streams,
thereby allowing a flow of fluid with respect to sold
adsorbent in a counter-current member. Another. mode
of operation which can effect the counter-current flow
of solid adsorbent with respect to fluid involves the use

of a rotating disc valve in which the input and output

streams are connected to. the valve and the lines
through which feed input, extract output, desorbent
input and raffinate output streams pass are advanced in
the same direction through the adsorbent bed. Both the
manifold arrangement and disc valve are known in the
art. Specifically, rotary disc valves which can be uti-
lized in this operation can be found in U.S. Pat. Nos.
3,040,777 and 3,422,848. Both of the aforementioned
patents disclose a rotary type connection valve in which
the suitable advancement of the various input and out-
put streams from fixed sources can be achieved without
difﬁculty -

In many instances, one 0perat10nal zone will contain
a much larger quantity of adsorbent than some other
operational zone. For instance, in some operations the
buffer zone can contain a minor amount of adsorbent as
compared to the adsorbent required for the adsorption
and purification zones. It can also be seen that m in-
stances in which desorbent is used which can easily
desorb extract material from the adsorbent that a rela-
tively- small amount of adsorbent will be needed in a
desorption zone as compared to the adsorbent needed in
the buffer-zone or adsorption zone or purification zone
or all of them. Since it is not required that the adsorbent
be located 1n a single column, the use of multiple cham-

~bers or a series of columns is w1th1n the scope of the

invention. -

It is not necessary that all of the mput or output
streams be simultaneously used, and in fact, in many
instances some of the streams can be shut off while
others effect an input or output of material. The appara-
tus which can be utilized to effect the process of this
invention can also contain a series of individual beds

‘connected by connecting conduits upon which are
placed input or output taps to which the various input

or output streams can be attached and alternately and
periodically shifted to effect continuous operation. In
some instances, the connecting conduits can be con-
nected to transfer taps which during the normal opera-
tions do not function as a conduit through which mate-
rial passes into or out of the process.

It is contemplated that at least a portion of the extract
output stream will pass into a separation means wherein
at least a portion of the desorbent material can be sepa-
rated to produce an extract product containing a re-

duced concentration of desorbent material. Preferably,

but not necessary to the operation of the process, at
least a portion of the raffinate output stream will also be
passed to a separation means wherein at least a portion
of the desorbent material can be separated to produce a

‘desorbent stream which can be reused in the process

and a raffinate product containing a reduced concentra-
tion of desorbent material. The separation means will
typically be a fractionation column or an evaporator,
the design and 0perat10n of either bemg well known to
the separation art. g -
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Reference can be made to D. B. Broughton U.S. Pat.
No. 2,985,589, and to a paper entitled “Continuous
Adsorptive Processing—A New Separation Tech-
nique” by D. B. Broughton presented at the 34th An-
nual Meeting of the Society of Chemical Engineers at
Tokyo, Japan, on Apr. 2, 1969, for further explanation
of the simulated movingbed counter-current process
flow scheme.

A dynamic testing apparatus is employed to test vari-
ous adsorbents with a particular feed mixture and desor-
bent material to measure the adsorbent characteristics
of adsorptive capacity, selectivity and exchange rate.
The apparatus consists of an adsorbent chamber of ap-
proximately 70 cc volume having inlet and outlet por-
tions at opposite ends of the chamber. The chamber is
contained within a temperature control means and, in
addition, pressure control equipment i1s used to operate
the chamber at a constant predetermined pressure.
Quantitative and qualitative analytical equipment such
as refractometers, polarimeters and chromatographs
can be attached to the outlet line of the chamber and
used to detect quantitatively or determine qualitatively
one or more components in the effluent stream leaving
the adsorbent chamber. A pulse test, performed using
this apparatus and the following general procedure, is
used to determine selectivities and other data for vari-
ous adsorbent systems. The adsorbent 1s filled to equilib-
rium with a particular desorbent material by passing the
desorbent material through the adsorbent chamber. At a
convenient time, a pulse of feed containing known con-
centrations of a tracer and of a particular ketose or
aldose or both all diluted in desorbent is injected for a
duration of several minutes. Desorbent flow is resumed,
and the tracer and the ketose and aldose are eluted as in
a liquid-solid chromatographic operation. The effluent
can be analyzed on-stream or alternatively effluent sam-
ples can be collected periodically and later analyzed
separately by analytical equipment and traces of the
envelopes of corresponding component peaks devel-
oped.

From information derived from the test adsorbent,
performance can be rated in terms of void volume,
retention volume for an extract or a raffinate compo-
nent, selectivity for one component with respect to the
other, the rate of desorption of an extract component by
the desorbent and the extent of silica contamination of
the extract and raffinate stream. The retention volume
of an extract or a raffinate component may be charac-
terized by the distance between the center of the peak
envelope of an extract or a raffinate component and the
peak envelope of the tracer component or some other
known reference point. It is expressed in terms of the
volume in cubic centimeters of desorbent pumped dur-
ing this time interval represented by the distance be-
tween the peak envelope. Selectivity, (B), for an extract
component with respect to a raffinate component may
be characterized by the ratio of the distance between
the center of the extract component peak envelope and
the tracer peak envelope (or other reference point) to
the corresponding distance between the center of the
raffinate component peak envelope and the tracer peak
envelope. The rate of exchange of an extract compo-
nent with the desorbent can generally be characterized
by the width of the peak envelopes at half intensity. The
narrower the peak width the faster the desorption rate.

To further evaluate promising adsorbent systems and
to translate this type of data into a practical separation
process requires actual testing of the best system in a
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continuous counter-current moving-bed or simulated
moving-bed liguid-solid contacting device. The general
operating principles of such a device are as described
hereinabove. A specific laboratory-size apparatus utiliz-
ing these principles is described in deRosset et al U.S.
Pat. No. 3,706,812. The equipment comprises multiple
adsorbent beds with a number of access lines attached to
distributors within the beds and terminating at a rotary
distributing valve. At a given valve position, feed and
desorbent are being introduced through two of the lines
and the raffinate and extract streams are being with-
drawn through two more. All remaining access lines are
inactive when the position of the distributing valve is
advanced by one index all active positions will be ad-
vanced by one bed. This simulates a condition in which
the adsorbent physically moves in a direction counter-
current to the hquid flow. Additional details on the
above-mentioned adsorbent testing apparatus and ad-
sorbent evaluation techniques may be found in the
paper “Separation of Cg Aromatics by Adsorption” by
A. J. deRosset, R. W, Neuzil, D. J. Korous, and D. H.
Rosback presented at the American Chemical Society,
Los Angeles, California, March 28 through Apr. 2,
1971.

Although both liquid and vapor phase operations can
be used in many adsorptive separation processes, liquid-
phase operation is required for this process because of
the lower temperature requirements and because of the
higher yields of extract product that can be obtained
with liquid-phase operation over those obtained with
vapor-phase operation. Adsorption conditions will in-
clude a temperature range of from about 20° C. to about
200° C. with about 20° C. to about 100° C. being more
preferred and a pressure range of from about atmo-
spheric to about 500 psig with from about atmospheric
to about 250 psig being more preferred to msure liquid
phase. Desorption conditions will include the same
range of temperatures and pressures as used for adsorp-
tion conditions.

The size of the units which can utilize the process of
this invention can vary anywhere from those of pilot-
plant scale (see for example our assignee’s U.S. Pat. No.
3,706,812) to those of commercial scale and can range in
flow rates from as little as a few cc an hour up to many
thousands of gallons per hour.

The following examples are presented to illustrate my
invention and are not intended to unduly restrict the
scope and spirit of the claims attached hereto.

EXAMPLE 1

The purpose of this example is to illustrate the
method of manufacture of adsorbents of my invention.
Five different adsorbent samples were prepared, eac
such preparation by the following steps: '

(1) Na-Y zeolite powder was mixed with an organic

polymer comprising cellulose acetate powder for
four of the samples, or with cellulose acetate and
cellulose nitrate for one of the samples. |

(2) An organic solvent was added to the powder

mixture slowly and with mulling to obtain an ex-
trudable mixture.

(3) The extrudable mixture was extruded into an ex-

trudate.

(4) The extrudate was dried at 65° C.

(5) The dried extrudate was granulated and screened

so as to obtain particles sized from 30 to 60 mesh.

(6) The cations occupying exchangeable cationic sites

in the zeolite contained in the particles were 10n
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exchanged with calcium ions by contacting the
particles with an aqueous solution of calcium chlo-
ride, washing the particles with fresh detonized
water and air, and drying the particles at room
temperature.
The following Table 1 sets forth details concerning
the materials and amounts thereof used in the prepara-
tion of the above five adsorbents.

TABLE 1

Na—Y Organic Polymer {(gm) Forma-
Zeolite (Cellulose Acetate mide
No. (gm) except as noted) Solvent (ml) (ml)
1 207.65 75 450 (acetone) 80
2 124.6 45 280 (acetone) 0
3 124.6 25 gm cellulose acetate 280 (acetone) 20
25 gm cellulose nitrate
4 124.6 81 300 (acetone) 20
3 124.6 26.47 200 (acetone) 20
EXAMPLE 11

The purpose of this example is to present the results
of tests of each of the adsorbents, prepared as set forth
in the above Example I, in the dynamic testing appara-
tus hereinbefore described to determine the perfor-
mance of each such adsorbent with regard to the ad-
sorptive separation of the individual components of an
aqueous solution of a mixture of components. Also
tested for purposes of comparison with the above five
adsorbents of my invention were a conventional 20%
clay bound calcium exchanged zeolite adsorbent and
the same conventional adsorbent coated with cellulose
acetate.

The general pulse-test apparatus and procedure have
been previously described. in this case, however, no
on-stream GC analyzer was used to monitor the efflu-
ent. Instead, the effiuent was collected in an automatic
sample collector, and later each sample was injected
into a high pressure liquid chromatograph (HPLC) for
analysis. Each sample was collected for a two minute
period, and unlike the almost instantaneous component
concentration obtained with an on-stream GLC, each
sample represented an average of the component con-
centration over the two minute period of time.

The adsorbent test column consisted of a stainless
steel tube 127 cm long and 8.4 mm in internal diameter.
This resulted in a test adsorbent bed of 70 cc. The feed
consisted of 5 wt. % each of glucose, fructose and su-
crose and 20 vol. % of 5,0 (deuterium oxide) in delon-
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- The desorbent was run continuously at a rate of |
ml/min. Both feed and desorbent were pumped under
capillary flow control. At some convenient time inter-
val, the desorbent was stopped and the feed which was
also run at a rate of 1 ml/min. was pumped for a period
of 10 min. to deliver a 10 ml “pulse”. Immediately after
the feed pulse was completed, the desorbent flow was
resumed and sample collection was begun. The two
minute samples were collected for a period of 90 min-
utes, for a total of 45 samples.

The effluent fractions were ihen sequentially injected
into the HPLC for analysis. From the analysis of these
fractions, a chromatograph of the separation of the feed'
components that were present in the feed pulse were
constructed. This was accomplished by plotting the
peak height of each component versus the volume of
effluent represented by the fraction from which the
measurements were made. By joining the respective
peak heights of each component, peak envelopes of the
components were obtained. The composite plot resem-
bled a chromatogram of component peaks obtained
from an analytical GC or L.C of poor resolving power.

The sucrose, which is a disaccharide, evidently can-
not enter the smaller selective pores of the adsorbent
that the monosaccharides glucose and fructose can en-
ter. Thus, the retention volume of the sucrose as mea-
sured, from the center of its peak envelope to the point
where the feed pulse was injected, was a measure of the
void volume of the bed. The center of the sucrose peak
envelope also served as the zero point for measuring the
net retention volumes of the glucose, fructose and D20.
The ratio of these net retention volumes was a measure’
of the selectivity, (B), of the adsorbent for the more
strongly adsorbed component (larger net retention vol-
ume) with respect to the component that was less
strongly adsorbed (smaller net retention volume).

The use of D>0 (deuterium oxide) in this test allowed
the measurement of the selectivity between the desor-
bent, water, and the more strongly adsorbed component
or extract, which was fructose. The ideal desorbent for
the Sorbex process is one that is adsorbed by the adsor-
bent just slightly less than the extract component, and
more strongly than the most strongly adsorbed compo-
nent that is rejected into the raffinate. In general, a
selectivity of 1.1 to 1.4 for the extract component with
respect to the desorbent is ideal. The results for these
pulse tests are shown in Table 2 below. The reference
numbers of the five adsorbents are the same as the refer-
ence numbers of the corresponding adsorbents of Ex-

ized water. The desorbent was deionized water with 2 50 ample 1.

nominal pH value of 7.0.

__ TABLE 2
Conventional Adsorbent Adsorbent Adsorbent Adsorbent No. 3 Adsorbent
Conventional Coated W/1% No. 5(17.5% No.1(26.5% No.2(26.5% (14.3% Celivlose No. 4 (39.4%
(20% Clay Cellulose Cellulose Cellulose Celiulose Acetate, 14.3% Cellulose
Binder) Acetate Acetate) Acetate) Acetate) Cellulose Nitrate) Acetate)
HALF WIDTH (ml)
Fruciose i4 16.4 13.4 11.8 14 13.4 13.2
Glucose 12 i3.6 12.0 12.8 16.2 15.6 11.6
Sucrose 12.6 14.6 12.8 14 15.6 16 12.4
D>0 10 5.4 8.9 6 10.8 10.4 0.2
___RETENTION VOLUME (mi) L
Fruciose i3.2 13.2 10.30 10 il 8.6 7.2
Glucose 2.4 2.4 2.07 1.8 - 24 2 1
Sucrose t 0 0 0 0 0 - O
D70 12.8 7.8 11.7 11.6 13.4 0.2 0.8
B
Fructose/ 5.5 5.5 4.96 5.5 4.6 4.8 7.2

Glucose
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TABLE 2-continued
Conventional Adsorbent Adsorbent Adsorbent Adsorbent No. 3 Adsorbent
Conventional Coated W/1% No. 5(17.5% No. 1(26.5% No. 2 (26.5% (14.3% Cellulose No. 4 (39.4%
(20% Clay Cellulose Cellulose Cellulose Cellulose Acetate, 14.3% Cellulose
Binder) Acetate Acetate) Acetate) Acetate) Cellulose Nitrate) Acetate)
Fructose/ 1.03 1.14 0.88 086 0.82 1.04 0.73

D50

W

It is apparent from the data of Table 2 that the perfor-
mance of the adsorbents of my invention, with regard to
adsorption of components from an aqueous system,
does not substantially differ from the conventional clay
bound adsorbent or conventional adsorbent coated with

cellulose acetate. 15 equilibrium was not reached and the concentration of
silicon would continue to increase during flow through
EXAMPLE Il the second column.

The purpose of this example is to present the results Two test runs using the above apparatus were made.
of tests for silica loss of adsorbents of my invention and __ For the first run, the columns were packed with the
conventional clay bound adsorbents when contacted 20 conventional clay bound adsorbent described in Exam-
with an aqueous stream. The testing apparatus com-  ple II, while in the second run the column was packed
prised means for pumping, metering and maintaining a  with an adsorbent of my invention comprising a fauja-
specific temperature of an aqueous stream; a first and  site with a cellulose acetate binder. Each test run was
second column each of 20 cc capacity in which the __ over an extended period of time during which samples
adsorbent to be tested was packed; and a first and sec- 25 of the aqueous streams were periodically taken from
ond filter. The flow of the aqueous stream was from the - both of the sample taps and analyzed for silicon concen-
pumping, metering and temperature control means  tration. The cumulative amount of effluent from the
through the first column, then through the first filter,  apparatus was measured at each time samples were
then through the second column and finally through the __ taken and noted as “Total Raff”. The filters were
second filter. Sample taps enabled sampling of the aque- 30 changed whenever they became plugged with particu-
ous stream at points immediately downstream of each late matter. The following Tables 3 and 4 present the
filter, the samples from the first tap being referred toas  data obtained from the first run and second run, respec-
“Effluent from Col. No. 7,” and the samples from the  tively.

TABLE 3
Effltuent Effluent
from from Total LHSV Based
Hourson Col. #1 Col. #2 Raff. on 20 ¢cc
Stream (ppm Si) (ppm Si) (Liters) Col. Remarks
18 — 12.7 7.1 20 Adsorbent temperature
68° C. throughout run.

42 —_ 12.7 16.6 20

66 8.2 11.3 26.1 20

90 7.5 11.3 35.6 20

114 6.6 10.8 45.1 20
138 — 11.3 54.6 20

162 6.1 10.3 64.1 20 Changed filters 1 & 2.
186 14.6 18.6 66.7 2.5 Reduced LHSV to 2.5.
210 15.0 18.3 67.9 2.5
234 13.2 16.9 69.1 2.5
258 12.7 16.0 70.3 2.5
282 11.8 15.5 71.6 2.3
306 12.0 14.8 72.6 2.5
330 12.0 14.8 73.7 2.5
354 — 16.0 74.8 2.5
378 — 16.0 75.9 2.5
402 12.7 15.7 77.0 2.5
426 12.5 15.0 78.3 2.5 Changed filter 1.

Reduced LHSV to 1.25.

450 13.6 15.5 79.0 1.25
474 13.6 165 79.7 1.25
498 13.6 16.4 80.3 1.25
570 13.4 16.5 82.1 1.25
594 13.6 16.5 82.7 1.25

second tap being referred to as “Effluent from Col. No.
2”, The purpose of having two packed columns was to
enable a determination of whether an equilibrium con-
centration of silicon in the aqueous stream was reached
in flowing through the first column, or whether such

Adsorbent weight loss
from Col. #1is 2.4 g.
and from Col. #2 is
1.0 g.

M
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TABLE 4
Effluent Effluent
from from Total LHSV Based
Houron Col. #1 Col. #2 Raff. on 20 cc
Stream (ppm Si) (ppm Si)  (Liters) Col. Remarks
18 3.8 7.1 7.1 20 Adsorbent temperature
' 68° C. throughout run.

42 3.3 6.1 16.6 20

66 4.2 6.1 26.1 20

90 5.2 54 35.6 20 Changed filter 2.
114 3.3 3.8 45.1 20 |
138 3.5 4.7 54.6 20
162 5.6 4.9 64.1 20
186 7.5 0.8 66.7 2.5
210 12.7 10.1 67.9 2.5
234 11.8 10.3 69.1 2.5
258 8.5 8.9 70.3 2.5
282 5.9 8.9 71.6 2.5
306 6.1 9.4 72.6 2.5
330 6.6 9.4 73.7 2.5
354 5.6 0.4 74.8 2.5
378 5.6 10.3 75.9 2.5
402 — 9.9 77.0 2.5
426 5.6 8.5 78.3 2.5
450 7.3 9.9 79.0 1.25
474 7.5 9.9 79.7 1.25
498 7.5 0.4 30.3 1.25
570 7.1 9.2 8§2.5 1.25
594 7.1 8.9 83.1 1.25

Adsorbent weight loss |
from Col. #1 is 0.6] g.

0.36 g.

and from Col. #2is = | o S o

From a comparison of the data in the foregoing Ta-
bles 3 and 4, it is apparent that less silicon 1s removed

after 10 hours from the beginning of the applicable test
and once after 74 hours. o

TABLE 5
Conventional,
Coated W/1%
Conventional Cellulose Ace- No.5 No.1 No.2 No.3 No. 4
(ppm $) tate (ppm Si) (ppm Si)

After 30 30 12 14 16 13 15
10 hr.
After 15-20 18 — 8 10 9 9
74 hr.

from the adsorbent of my invention by an aqueous

It is clear from the data of Table 5 not only that the

stream than from a conventional adsorbent. Of the two 45 adsorbent of my invention imparts far less silica to the

adsorbents, mine imparts a far smaller concentration of
silicon to the aqueous stream and suffers a far smaller
dissolution measured by weight loss. Furthermore, in
view of a comparison of the frequency at which the
filters had to be changed in the first and second runs, 1t
is clear that less particulate matter is lost by the adsor-
bent of my invention in an aqueous stream.

EXAMPLE 1V

The purpose of this example is to present data com-
prising a comparison between the adsorbents prepared
in accordance with Example I, a conventional adsor-
bent having a clay binder, and the same conventional
adsorbent coated with cellulose acetate, when tested 1n
an apparatus similar to that described in Example 11 to
determine the amount of silicon imparted by each such
adsorbent to an aqueous stream. Only one column
packed with adsorbent was used. The aqueous stream
was passed through the adsorption column of the appa-
ratus at a temperature of 60° C. and a liquid hourly
space velocity (LHSV) of 1.0. The silicon concentra-
tion of the aqueous stream downstream of the column
was measured twice for each adsorbent tested, once
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aqueous stream than the conventional clay bound adsor-
bent, but also that merely coating the conventional
adsorbent with the organic polymer, rather than using
the organic polymer as the binder material in lieu of
clay as taught by my invention, does not provide any
lessening of silica loss.

I claim as my invention: -

1. A process for the separation of a component from
a feed mixture comprising an aqueous solution of a
mixture of components, which process comprises

(1) contacting said solution to selectively adsorb said

component from said mixture, with an adsorbent

comprising a zeolite having impregnated therein a

water permeable organic polymer, the adsorbent

exhibiting an adsorptive selectivity towards said
component, where the adsorbent is prepared by the
steps of:

(a) mixing together a powder of said zeolite, a
powder of said water permeable organic poly-
mer and a liquid organic solvent to form a mal-
leable mixture;

(b) forming said malleable mixture into discrete
formations;



4,431,456

21

(c) removing said solvent from said formation to
obtain hard dry formations; and,

(d) breaking said hard dry formations into particles
of desired size to obtain said zeolite impregnated
with a water permeable organic polymer binder;

(2) separating said solution from contact with said

adsorbent and

(3) recovering sald adsorbed component by desorp-

tion of the adsorbed component from the adsor-

bent.

2. The process of claim 1 further characterized in that
said water permeable organic polymer comprises a cel-
lulose ester or cellulose nitrate.

3. The process of claim 1 further characterized in that
said zeolite is selected from the group consisting of X
zeolites and Y zeolites.

4. The process of claim 3 further characterized in that
sald zeolite contains cations at exchangeable cationic
sites selected from the group consisting of alkali metals
and alkaline earth metals.

S. The process of claim 1 further characterized in that
said feed mixture comprises an aqueous solution of sac-
charides.

6. The process of claim 3 further characterized in that
said saccharides comprise a mixture of fructose and
glucose.

7. The process of claim 3 further characterized in that
recovery of said adsorbed component is effected with a

desorbent comprising water.

8. The process of claim 5 further characterized in that
the pH of said aqueous solution is from about 5.0 to
about 8.0.
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9. The process of claim 8 further characterized 1n that
the content of said organic polymer in said adsorbent is
from about 3.0 wt.% to about 50.0 wt.%.

10. The process of claim 1 wherein said zeolite exhib-
iting selectivity towards said component has a reduced
tendency to dissolve in said aqueous solution.

11. The process of claim 1 wherein in step (a) pow-
ders of said zeolite and said binder are first mixed to-
gether to obtain a powder mixture, and said liquid or-
ganic solvents is then added to said powder mixture to
obtain said malleable mixture.

12. The process of claim 1 wherein the step (a) said
powder of said binder is first dissolved in said organic
solvent to obtain a solution, and said powder of said
zeolite is then added to said solution to obtain said mal-
leable mixture.

13. The process of claim 1 wherein in step (c) said
solvent 1s removed from said formations by first wash-
ing said formations with water and then drying said
formations at a temperature not exceeding about 100° C.

14. The process of claim 1 wherein in step (c) said
solvent is removed from said formations by drying said
formations at a temperature not exceeding about 100° C.

15. The process of claim 1 wherein in step (d) said
desired sizes of said particles is such that said particles
will pass through a No. 16 screen and be retained on a

- No. 80 screen.

30

35

45

50

33

65

16. The process of claim 1 wherein said liquid organic
solvent comprises p-dioxane, methyl-ethyl ketone, ethyl
acetone, acetone, chloroform, benzyl alcohol, cyclo-
hexanone, or formamide.

17. The process of claim 1 wherein in step (b) said

forming is effected by extrusion.
%k x X x %
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